INTRODUCTION
Accumulating evidence from clinical and epidemiological studies indicates that depression is highly prevalent as a common comorbidity in patients affected with rheumatoid arthritis (RA) [1] [2] [3] . While the prevalence of depression differs significantly among studies, as high as 42% of patients with RA have been reported to be affected by depression [4] . Recently, a metaanalysis of 72 studies involving 13,189 individuals affected with RA found that 14.8-38.8% of such populations are often diagnosed with a major depressive disorder [5] . Furthermore, depression comorbidity of RA has been shown to be linked to a higher rate of unemployment, loss of productivity at work, as well as burden of escalating healthcare costs on both the affected individuals and society at large [6] [7] [8] .
Frequently, depression comorbidity of RA remains undiagnosed and consequently undertreated [9] , often due to the lack of communication about depression between the specialist and their patients [7, 10] . Previous studies have further found that individuals affected by depression comorbidity of RA are less likely to adhere to their medication regimens with subsequent elevated health care costs [7, 11] . For Japan, little is known about data on the health care utilization of depression comorbidity among RA patients. Hence, the purpose of the present study was to determine characteristics of health care utilization prevalent among the Japanese population affected with RA and comorbidity of depression.
METHODS

Patient Population and Data Collection
We utilized the Japan Medical Data Center (JMDC) claims database from January 2010 to December 2015. The database includes health insurance claims data from non-governmental employees together with their family members. It also provides information on patient demographics, diagnostic codes, dates and types of procedures, dispensed prescription drugs, medical services available to inpatients and outpatients, as well as direct costs and expenditures. The JMDC database has been used to investigate a wide range of conditions in Japan such as schizophrenia, diabetes, and cardiovascular disease [12, 13] . To protect patient confidentiality, all personally identifiable information was de-identified, and as such no informed consent was deemed necessary.
We included RA patients with at least two ICD 10th diagnoses of RA (M05, M06.0, M06. 
Statistical Analysis
Since there is a potential imbalance in baseline covariates between patients with and without depression, we performed a propensity score matching to eliminate the impact of confounding parameters. This procedure allows us to estimate resource and costs attributable to depression in patients with RA. Each patient of the reference cohort was matched with up to four comparison cases with the closest propensity score using a greedy algorithm without replacement (i.e., once a match is made, the match is not reconsidered). The maximum tolerated difference between matched subjects in a ''non-perfect'' matching (i.e., caliper matching) was 0.2 9 standard deviation of the logit of the propensity score [14] . The propensity score was assessed using a multivariable logistic regression model. Each potential covariate of interest was first tested in a univariate model and retained for the multivariate logistic regression model if P\0.10. The potential confounders include age at index date, gender, calendar year of index-date, comorbidity measures (i.e., Charlson comorbidity index within the pre-index period, renal failure, interstitial pneumonia, COPD, peptic ulcer, chronic liver disease, osteoporosis, diabetes), polypharmacy in the pre-index period, and follow-up duration. The Charlson comorbidity index (CCI) is used to measure 19 comorbidities by assigning a weight between 1 and 6 to each one with higher CCI indicative of greater morbidity affecting the patient [15] .
The Kaplan-Meier survival plots were used to estimate the proportions of patients with at least one occurrence of health care utilization (HCU), while the difference between the two groups (RA/ depression and RA only) was assessed by the logrank test. An adjusted Cox regression model was used to assess the relative risk of occurrence of the event between RA patients with depression and the matched population. Independent variables were the index depression status at index date (RA/depression and RA only) and patient characteristics.
The average number of occurrences per person-month attributable to depression was calculated among patients with at least one occurrence and reported at 6 and 12 months.
To assess the difference between the two groups (RA/depression and RA only), we also estimated a ratio between number of occurrences of health care utilization in the ''RA/depression'' group and in the ''RA only'', by health care utilization category and among patients with at least one occurrence.
The incidence rate in turn was calculated based on the number of occurrences per patient-month. The average cost per personmonth and cost attributable to depression were calculated and reported during different time periods: 6, 12 months, and the study period.
Adjusted generalized linear models with gamma distribution were fitted to compare the healthcare costs between RA patients with depression and the matched-controlled population in order to assess the impact of patients' clinical and baseline characteristics. All analyses were performed using SAS software version 9.3 (SAS Institute, Cary, NC, USA). A P value of\0.05 was considered statistically significant.
RESULTS
The patient flow chart for this analysis is described in Fig. 1 . From a total of 91,669 RA patients, 8968 fulfilled the inclusion criteria. Among the included patients, 474 (5%) were affected with depression as a comorbidity. The patient demographics before and after matching are summarized in Table 1 . The subpopulation with depression comorbidity had a higher fraction of females and a higher Charlson comorbidity score in general.
Our findings also indicate that after matching, all observable differences between the two subpopulations (with and without depression) disappear ( Table 1 ). The balance after matching is also evident from Fig. 2 , which shows the distribution of the propensity score in the two groups before and after matching. Within 6 months, the total resource expenditures were estimated at ¥ 116,068 per patientmonth for RA patients with depression and ¥ 76,362 for RA patients without depression. The difference attributable to depression was ¥ 39,706 per patient-month and was divided equally between outpatient, inpatient, and pharmacy services (respectively, ¥ 15,420; ¥ 11,682; ¥ 13,017 per patient-month). Results were similar when considering resource utilization within 12 months: The difference in total expenditures per patient-month was similar within 12 months (¥ 32,022) with a comparable distribution between outpatient (¥ 12,735), inpatient (¥ 8004), and pharmacy (¥ 12,441) services (Table 4) .
The results were validated by a means of an adjusted GLM regression model, which is reported in Table 5 . The table shows that total outpatient costs, total inpatient costs per person-month, and pharmacy costs were significantly higher in patients with RA compared to patients without RA, whatever the period of assessment. The effect size is up to twice as big for the depression population.
DISCUSSION
We analyzed an administrative hospital database and found that a co-morbidity of RA and depression causes significant economic burden. The sample in our database had a similar composition as the general RA population with a majority of the patients being female and middle-aged [16] .
Our database identified only 5% of patients with RA affected by depression, which is considerably lower than reported estimates of other countries [4, 5] but exceeds the respective rate of the Japanese general population [17, 18] . There are two possible explanations for this finding. The possible differences in prevalence estimates between Japan and other developed countries may be in part due to a higher reluctance for reporting of depression in the Japanese population compared to other developed countries. In Japan, individuals affected with depression were reportedly less likely to seek medical treatment or consult a psychiatrist; 27% sought any treatment with only 14% having consulted a psychiatrist. This number is considerably lower than the reported estimates The average number of occurrences per person-month among patients with at least one occurrence from several developed countries with approximately half that of the US [17] . The other possible explanation relates to the nature of our claims database; there is a bias towards patients employed at private Japanese companies and excludes patients unable to physically perform work-related tasks due to the severity of their disease. Accordingly, the depression prevalence identified from this database may have possibly underestimated the actual prevalence rate. Our estimated prevalence of 5% is in agreement with a recent survey that similarly found only 5% of the studied population had been formally diagnosed with depression. On the other hand, 35% of the affected patients demonstrated Patient Health Questionnaire (PHQ-9) scores indicative of the presence of depression, which translates to a significant underreporting of depression in RA patients. The PHQ-9 is a versatile self-reporting tool used for measurement of depression severity, diagnosis, as well as screening for the disease [19] . The study also found that among the RA population, younger patients, those affected by greater functional impairment, or patients on pain relief medications not biologic agents were more likely to experience depression [20] . Data from the Japanese IORRA registry also indicate that up to 41% of the RA patients were identified as depressed patients using a two-question screening tool [21] , while a more recent study reported prevalence rates between 6.8 and 23.5% in depending on the tool that was used to determine depression [22] . In terms of health care utilization, depression resulted in a significant increase in number of outpatient visits and emergency room admissions. However, routine hospital admissions were not higher in the populations affected by depression. Only a limited number of Ref.
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Ref. [24] . Several limitations need to be discussed in this study. First, we could not identify clinical parameters and disease severity from the claims database. This is an inherent limitation of claims database analysis in general. Therefore, identifiable factors were limited to the characteristics of patients such as age, gender, and comorbidity as well as clinical characteristics related to the treatment. Furthermore, a common problem in any database analysis is the coding quality. Most of the time, either the hospital or treating physician designates medical codes that provide the highest reimbursement rates, which is why disease codes do not always reflect clinical reality [25] . Finally, depression has a significant impact on healthcare utilization not only in RA but also other disease conditions [26] .
CONCLUSIONS
In summary, in light of the increased burden of depression among Japanese patients with RA, treating specialists need to be more vigilant and aware of the potential for comorbidity depression impacting their patients' quality of life and ensure that the patients are actively involved in treatment decision-making. Future large clinical studies are required to examine if the additional burden of depression is greater in patients affected with RA compared to other diseases such as cancer.
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